ZnWO 4 powders with grain size in range 20 nm-10 µm have been synthesized by a simple combustion method and subsequent calcinations. The photocatalytic activities of powders were tested by degradation of methylene blue solution under UV light. The luminescence spectra and luminescence decay kinetics were studied and luminescence decay time dependence on average powder-grain size was obtained. The correlation between self-trapped exciton luminescence decay time and photocatalytic activity of ZnWO 4 powders was shown. A model explaining the excitonic luminescence decay time correlation with photocatalytic activity was proposed. 
Introduction
ZnWO 4 is known as a promising material for X-ray transformation into visible light [1] with high light yield, for laser host, for dosimeters and other applications. The mechanisms of luminescence in a single ZnWO 4 crystal are widely studied [1, 2] . It is known that under UV excitation the self-trapped excitons at the tungstate anionic groups WO 6− 6 are responsible for blue luminescent band. The luminescence decay is exponential with decay time ∼ 27 µs at room temperature (RT). * presented at the 6th International Conference on Functional Materials and Nanotechnologies, March 17-19, 2010 , Riga, Latvia † E-mail: lgrig@latnet.lv Studies of photocatalysis of semiconductors have research interests due to application to water purification, material sterilizing and solar energy conversion [3] . In [4, 5] the photocatalytic activity (PCA) of nanosized ZnWO 4 was studied and results showed that PCA of zinc tungstate nanorods is close to the commercial photocatalyst P-25 (Degussa).
There is progress achieved in nanoparticle synthesis recently. It is shown that particle sizes, surface defects type and concentration depend on synthesis methods and post synthesis calcinations.
Nanosized active ZnWO 4 particles with different size have been prepared by wet chemical method such as co-precipitation [6, 7] , hydrothermal [8, 9] , molten salt route [10] or mechanochemical synthesis [11] . It was shown that luminescent properties and PCA of the prepared zinc tungstate nanoparticles depend on their crystallinity, size and specific surface area but results of different papers were some-what contradictory. Accordingly to [6] 4 powders prepared by similar method and annealed above 450°C were close to that of a single crystal [7] . Shift of photoluminescence band maxima to lower energy was observed for powders annealed at temperatures in the range of 80-450°C. Note, that these powders do not show XRD and Raman spectra characteristic for ZnWO 4 structure. The photoluminescence intensity and PCA of ZnWO 4 nanoparticles prepared by hydrothermal synthesis increased with annealing temperature from 100 up to 500°C due to improved crystallinity despite the decrease of specific surface area (S BET ) of powder from 44.71 to 21.13 m 2 /g [8] . At higher annealing temperature PCA decreased because the specific surface area was low and the grain size of particles reached 100-200 nm. Luminescence characteristics are very sensitive to defects and particle size (determined by the preparation method). In present work, the set of ZnWO 4 powders were prepared by combustion method and tested. Here the PCA and its correlation with luminescence characteristics were studied in view of the fact that during the photoluminescence and the photocatalysis the electrons/hole processes are important. ZnWO 4 powders have been synthesized by a simple combustion method. Solution of dissolved tungsten in hydrogen peroxide was mixed with zinc acetate solution. Then ethylene glycol and nitric acid were added. The reactants were stirred and heated for 3-4 hours up to 250°C until the burning of the formed viscous gel started. The pure ZnWO 4 particles were obtained after calcinations at 600-1000°C for 2 hours. The characteristics of samples were collected in Table 1 . Scanning Electron Microscope (SEM) images, effective surface area (S BET method), FTIR absorption spectroscopy and XRD method (D8 Advance, Bruker AXS) were used for investigations of obtained ZnWO 4 samples. FTIR absorption spectra were obtained on BRUKER Equinox-55 using KBr pellets method. The results of FTIR absorption measurements are given in Fig. 1 and Table 2 .
Sample preparation, characterization and experimental equipments
Well-known [13] [14] [15] ZnWO 4 absorption peaks in range of (Fig. 2a) and some micrometer size crystals were observed in sample 12e (Fig. 2b) . The grain sizes estimated from different methods are in close agreement and data are shown in Table 1 powder (2 g/l) was introduced in the quartz reactor. The suspension was treated by ultrasound for 10 min and then stirred in dark for 30 min. The degradation studies of MB were carried out by irradiation of Hg lamp (120 W) at distance of 110 mm for 3 h. The samples for the analysis were taken out of the suspension every 10 min. Before the analysis the ZnWO 4 particles were removed from suspension by centrifugation. The degradation of MB was determined by measuring the light absorption by solution at wavelength of 662 nm using IENWA4-6300 spectrometer. A pulsed YAG:Nd laser (2 ns, 266 nm) was used as an excitation source for time-resolved luminescence measurement. The luminescence spectra and the decay kinetics were measured at RT. Luminescence measurements were carried out with a photon counting head (HAMAMATSU H8259-2) and the photon counting board (FAST ComTec module P7887) with minimal channel width 250 ps. The spectrum has been recorded in given time range (channel width multiplied by a number of channels).
Results and discussion

Luminescence spectra and decay kinetics
The luminescence spectra of prepared powders were compared with luminescence spectrum of a single crystal (Fig. 3) . The spectra of all samples are in close agreement and therefore the same luminescence center was created independently of powder grain size. The additional bands are due to the defect-states were not detected. The luminescence decay kinetics of the powder samples (Fig. 4) considerably differs from the decay kinetics of a ZnWO 4 single crystal. In contrast to a single crystal, the decay kinetics of ZnWO 4 powder are nonexponential and strongly depend on the grain size of powder. Since the decay is not exponential, for the decay process characterization we choose time (∆ ) during which the luminescence intensity falls three times. The results obtained for all samples are summarized in Table 3 . The decay time decreases with powder grain size decrease. Note that the higher dependence on grain sizes were obtained at initial stage of decay kinetics. The considerable decay time shortening and the nonexponential decays are known for nanostructured systems [16] [17] [18] and are explained as a result of the luminescence center perturbation due to the high effective surface area in nanopowders. At the same time the luminescence light yield is lower in powder samples due to considerably shorter decay kinetics in the powder samples. The electron-hole pairs were created under photo-excitation and during the relaxation process the excitons in WO 6 complex were formed. Thus, the energy of radiative transition is the same independently of grain size but the probability of the luminescence transition defined as ∼ 1 ∆ depends on the powders' grain size. Since a fraction of the electron-hole pairs in powders do not take part in the exciton radiative annihilation, we suggest here that they are trapped at the surface defects and created some charged states. These charged states are responsible for the photocatalytic process. Relative contribution of these charged states depends on the grain size -for the smallest grains the contribution was the largest and correspondently higher PCA. Therefore PCA is dependent on the grain size. We compared PCA (MB degradation in fixed time range) and luminescence probability dependence on the effective surface area (Fig. 5) . The results show that two processes studied -radiative exciton annihilation and PCA -are well correlated. It is well-known that the exciton annihilation is not accompanied by the free electron-hole appearance. Thus the two competitive processes occur under band-to-band UV radiation during the electron-hole pair relaxation: i) creation and radiative annihilation of self-trapped excitons; ii) electron-hole trapping on surface states and MB degradation.
Conclusions
ZnWO 4 powders with grain sizes from 20 nm up to ∼ 10 µm were synthesized by a simple combustion method. PCA was controlled by degradation of methylene blue solution under Hg lamp full spectrum irradiation. It was shown that PCA depends on powder grain size and is the highest for powders with the highest effective area (S BET ). The photoluminescence spectra of nanopowders were identical with spectrum of the ZnWO 4 single crystal, however the decay kinetics are nanocrystal size dependent. A relationship of luminescence decay time and PCA was found.
